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The resistance of metalhc constnctmns with UPt, UPt 2, UPt~ and UPts has been measured asa funcuon of the apphed 
voltage at low temperatures U ing a heating model, these curves have been quantltatwely compared wtth bulk resistivity 
data 
Small constrictions between metals have been 
used to analyse the interaction of the conduction 
electrons with elementary excitations in a metal 
By measuring the resistance of a point contact as 
a function of the applied voltage, direct in- 
formation is obtained about the energy depen- 
dent scattering of the conduction electrons Im- 
portant criterion for the apphcablhty of this 
method is, that the inelastic mean free path l, of 
the electrons is larger than the contact diameter 
d In this ballistic regime the electronic system 
will be out of equilibrium with respect to the 
elementary excitations (le phonons) in the 
presence of an applied voltage over the contact 
Mainly, the point-contact method has been ap- 
plied to the study of the electron-phonon i ter- 
action [1,2], although, other excitations (para- 
magnetic impurities [3], magnons [4], crystal- 
field levels [5]) have been probed with this 
technique In the Impure limit of a contact (l, < 
d) the electrons stay In equilibrium with the 
lattice at an apphed voltage and in this thermal 
regime heating occurs In the contact region In 
point contacts with ferromagnetic materials it 
could be shown that the Curie temperature was 
reached m the contact region by observing an 
anomaly in the differential contact resistance at 
a certain voltage over the contact [6] 
Several point-contact experiments have been 
done with new materials, belonging to the class 
of intermediate valence compounds [7] and 
heavy fermion compounds [8] The non-hnear 
current-voltage characteristics of point contacts 
on these compounds have been explained by the 
energy-dependent lnterconfiguratIonal scatter- 
ing of the electrons [7] and by the energy- 
dependent density of states of the electrons [8] 
Recently, the importance of thermal effects have 
been noticed for these systems [9,10] We will 
present point-contact experiments on a set of 
UPt compounds The data will be analysed in 
terms of a heating model, pointing out the 
resemblance between the voltage dependence of
the contact resistance and the temperature de- 
pendence of the resistivity of the bulk material 
In the dirty limit ( /<  d) the resistance of a 
circular contact between two semi-infinite 
metals is given by 
R= p /d ,  (1) 
where p is the resistivity of the metal In this 
thermal hmlt, the effect of Joule heating in the 
contact area has to be considered Assuming 
equal flow lines for the electrical and thermal 
conduction ear the contact, one obtains for an 
arbitrary contact geometry at an apphed voltage 
V the relation [11] 
2 T 2 V2/4L  T max -- (2) 
for the maximum temperature Tmax at the center 
of the contact in a bath at temperature To In 
this expression, L is the Lorenz number which 
relates the electrical resistivity p and the thermal 
conductivity A in the Wledemann-Franz law 
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pA=LT For Tmax>> To, a numerical cal- 
culation gives Tmax = 3 2 V with the tem- 
perature Tmax in K and the voltage V in mV 
Hence, using eqs (1) and (2), a simple relation 
exists between the voltage dependent contact 
resistance and the temperature dependent resis- 
t ivtty, if the resistance of the constriction is 
mostly determined by the resistivity at the center 
of the contact where the temperature is maxi- 
mal Using the model of spherical spreading out 
for a constriction [11], the temperature gradient 
near the contact can be taken mto account for 
the contact resistance 
Io 1 R = ( l /d) p(rmaxX/]-- x2) dx (3) 
The current-voltage characteristics were 
measured for point contacts of polycrystalhne 
UPt, UPt2, UPt~ and UPt5 At liquid He tem- 
peratures the contacts between the UPt com- 
pounds were adjusted by pressing the sharp 
edges of two pieces of bulk material against each 
other Prior to mounting, the bulk material was 
cleaved at room temperature The contact resis- 
tances were of the order of 1 f~ Using eq (1) 
with the values for the bulk resistivity at low 
temperatures [12], we get diameters d ~> 10nm 
for the investigated materials, the mean free 
path of the electrons in these compounds will be 
smaller For each compound we measured the 
differential resistance dV/d I  of a contact as a 
function of the voltage For these contacts be- 
tween the same materials the d V/dI  charac- 
teristics were symmetric with respect o the ap- 
plied voltage Because the static contact resis- 
tance is gwen m eq (3), we calculated the stauc 
resistance from the dV/d I  curves In fig l we 
have plotted the relative change AR/R(V  = O) 
in the static resistance of point contacts with the 
UPt compounds We looked at the width in the 
minimum of the measured resistance curves to 
esttmate the reproducibility of the curves for 
different contacts For the case of UPt3 and 
UPt5 the width was equal within roughly 10% 
For UPt and UPt2 the width varied up to 30% 
A strong resemblance is seen between the 
voltage dependence in the contact resistance 
(fig 1) and the temperature dependence in the 
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Fig 1 Normalmed change in the static resistance as a func- 
tion of the applied voltage for point contacts with uranmm- 
platinum compounds at lzqmd hehum temperatures The 
dashed curves have been calculated with the heating model, 
using temperature dependent resistivity data with the 
effecuve Lorenz raUos L (Sommerfeld value L(, = 2 45 x 
10 -8 V2/K2), and multlphed wKh the factor ct 
bulk reststwity [12] The observed S-shape in 
the point-contact data and the resistivity data is 
ascrtbed to the scattering of the electrons by 
spin fluctuations of the f-electrons in the case of 
UPt2, UPt3 and UPts, and to the scattering with 
magnons in the case of UPt (magnetic ordering 
below 27 K) 
In order to make a quantitative comparison 
for the heating model, we used eqs (2) and (3) 
to calculate the point-contact resistance as a 
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function of the applied voltage For the con- 
verston of the temperature scale to the voltage 
scale we took m eq (2) a constant Lorenz num- 
ber over the whole temperature interval The 
~esults of these calculations with the used 
effectwe Lorenz numbers have been plotted 
m fig l as dashed curves To get a good 
agreement of the calculated curves with the 
experimental ones, we multiplied the calculated 
values of AR/R(V  = 0) by a constant a, smaller 
than 1 An explanation for this constant a could 
be that part of the contact resistance is a Shar- 
wn-hke resistance Ro ~ pl/d 2, which apphes for 
a clean contact (l > d) and does not depend on 
the temperature The constant a ~s &fferent for 
different contacts of one material, because of the 
difference m relatwe change of contact rests- 
Lance For UPt and UPt2 we mostly find small 
values for a, meaning that the Sharvm resis- 
tance ~s much larger than the temperature 
dependent resistance m eq (1) In this way we 
find a dtscrepancy, because no longer the limit 
1 < d will hold and the heating model does not 
apply to our problem Note however, the res~s- 
twtty at the constriction is &fferent from the 
bulk res~stlvity, due to antsotropy, boundaries, 
strain, impurities etc Therefore, to give a bet- 
ter quantltatwe compartson, ~t Is necessary to 
measure the temperature dependence of the re- 
SlStW~ty m the point-contact area For UPt3 we 
have taken m fig 1 the Lorenz ratio as obtained 
from measurements on the electrical and ther- 
mal conductwtty [13], which yielded a constant 
value above 70 K For the other curves we have 
taken the Lorenz number, that optimizes the 
agreement between experiment and theory The 
accuracy of the given Lorenz numbers must be 
seen in view of the, before mentioned, 
reproducibility of the width in the minimum of 
the resistance curves A Lorenz number much 
larger than the Sommerfeld value Lo= 
2 45 × 10 -8 VZ/K 2 would mean that the phonon 
part tn the thermal conductlwty plays an im- 
portant role compared to the electronic part 
[13] 
In the investigated UPt compounds a resem- 
blance extsts between the point-contact resis- 
tance as a function of the applied voltage and 
the bulk resisttwty as a function of the tem- 
perature However, to give a detailed descrtp- 
tton of thts heating model, the measured curves 
could only be reproduced by adding a constant 
resistance (Independent of temperature) to the 
calculated contact resistance Especially for UPt 
and UPt2, ascribing this constant resistance to an 
appreciable Sharvm-hke resistance would be In 
contradiction wxth the con&Uon 1 < d, which is 
necessary for the apphcabdity of the heating 
model Recently, point-contact data on UPt3 
were analysed m a measurement of the energy 
dependent density of states of the electrons [8] 
In detad tt IS not yet clear how the energy 
dependent mass-renormahzat~on e ters the 
point-contact problem We beheve that heating 
plays a role m the description of point-contact 
experiments with these metallic compounds 
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